P atient outcomes have become crucial in healthcare due to the rise of evidence-based practice, which is the integration of clinical expertise, patient values and preferences, and the best research evidence. 1 These have also become important because of the potential requirement of demonstrating favorable outcomes for reimbursement by payers. Clinicians in the rehabilitation field use clinical measures of impaired body structure and function during examinations, but these measures require professional interpretation for determining outcomes and may not clearly relate to a patient's functional status. 2 Clinical measures of activity limitations may also not be functionally meaningful to a patient and are limited to professional interpretation.
Using standardized clinical outcome measures is an approach to implementing evidence-based practice in rehabilitation. 1 Clinical outcome measures used in rehabilitation settings may be patient-reported or performance-based. 2 These measures should use "closed-ended questionnaire formats or specific protocols for implementation, provide scores that allow quantitative assessment of ability, and have been evaluated for their psychometric properties." 3 Patient-reported outcomes via questionnaire formats measure a patient's subjective preferences for care or perceptions of ability, whereas performance-based outcomes have a rater implement a specific protocol to observationally and objectively determine a patient's ability.
Complete reporting in research articles is also important for readers to evaluate studies' strengths and weaknesses. Authors should report "what was planned (and what was not), what was done, what was found, and what the results mean" for readers to make well-informed decisions about whether the research conclusions truly apply to their population of interest. Observational studies are conducted to determine the psychometric properties of outcome measures, but there are currently no appraisal instruments to help readers systematically determine the quality of observational research. 4 Clinical outcome measures are important to use for individuals with lower limb amputations (LLA) because such individuals require intensive functional gait training before and after being fitted with prostheses. Using standardized instruments throughout the episode of care allows clinicians to objectively monitor patient progress, make evidence-based decisions regarding the plan of care, and communicate results in meaningful ways to patients, payers, and other clinicians. Many clinical outcome measures exist, but clinicians should primarily use measures that have been validated and shown to be reliable within this population of interest. 1 Condie et al published a systematic review of patient-reported and performance-based outcome measures tested on individuals with LLA from 1995 through 2005. 5 This review found that geriatric measures not specific for individuals with amputations are not appropriate for use with individuals with LLA, and there are now additional, newer instruments specific to this population that should be reviewed. In 2011, Resnik and Borgia published results of a repeated measures design which examined the test-retest reliability and minimal detectable change (MDC) of 4 performance-based outcome measures. 6 This work did not determine other forms of reliability, any measures of validity, or the minimal clinically important difference (MCID) for the 4 performance-based outcome measures included and, as with the review by Condie et al, 5 there are newer and additional instruments that clinicians can use. In 2016, Agrawal published a review of clinical outcome measures for this population but did not report the psychometric properties of included instruments for readers to make easy comparisons of reliability, validity, or responsiveness. 2 This systematic review seeks to answer the following 2 questions for adults with lower extremity amputation: What are current reliable and validated performance-based outcome measures for ambulation? How do these measures compare to each other? Additionally, the purpose of this review is to judge the rigor of reporting in observational studies, information not previously reported. This review aims to provide a comprehensive overview of psychometric properties of all current performance-based outcome measures applicable to the population of interest. A brief overview of the clinical utility of the identified outcome measures will be provided, and implications for research and clinical practice will be discussed.
Methods
This systematic review was completed as unfunded research for PhD course work. It was not registered with any database. Two physical therapists with Doctor of Physical Therapy degrees acted as reviewers and authors. Reviewers conducted all review processes and collaboration via e-mail.
Data Sources and Searches
Reviewers searched for articles using the online databases PubMed/MED-LINE and CINAHL. Dates were not filtered, so articles from database inception through November 15, 2017 
Study Selection
The 2 reviewers screened titles and abstracts for relevance. The same reviewers obtained and read full-text articles of the potentially relevant studies. Reviewers resolved any discrepancies of the inclusion assessment by further discussion. The inclusion criteria for study selection was that the primary purpose of an article must have been determining the reliability, validity, or responsiveness of standardized, performance-based outcome measures of ambulation. The research participants must have been male or female adults with unilateral or bilateral LLA who had been fitted with and using prostheses. Participants' source of amputation could be traumatic or nontraumatic (congenital, vascular, or other) in origin. The study must have been described in a full report (no abstracts, posters, newsletters) and available in English. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) checklist for cohort, case-control, and cross-sectional studies (combined) was used since the articles included were all cohort or cross-sectional research designs, and there are no existing appraisal tools that determine the methodological rigor or quality of observational research designs. 4 Although not created as an appraisal tool, STROBE was used to guide judgments of the rigor with which the included studies were reported. The STROBE checklist (combined) has 22 items, but subitems bring the total number of items to 34. Items address reporting of background, objectives, study design, setting, participants, variables, measurement, bias, study size, statistical methods, results, limitations, interpretation, generalizability, and funding.
Data Extraction and Quality Assessment

Data Synthesis and Analysis
Each reviewer independently read and appraised the included articles. Any disagreements on checklist item satisfaction were resolved by further discussion between the 2 reviewers. A score of 1 was assigned to satisfaction of a checklist item, and a score of 0 was assigned to unsatisfied items if the information was relevant but not reported or if the information was not reported because the checklist item was not applicable to the study design. The sum of scores for each checklist item was calculated to appraise the overall quality of reporting of the included articles.
Results
Reviewers identified a total of 314 articles through database and manual search methods. Reviewers finally included 14 studies after excluding duplicates, screening titles and abstracts, and removing articles that did not meet inclusion criteria. The Figure shows the PRISMA flow diagram depicting the search results. 7 Reviewers identified 7 total outcome measures. Table 2 shows an overview of clinical benefits, limitations, time required, and additional details for each of the outcome measures. The 2-Minute Walk Test (2MWT) 8,9 and 6-Minute Walk Test (6MWT) 10, 11 require the participant to walk down a corridor of a known distance for a certain quantity of time. Participant performance is recorded as the total distance walked in meters 11 Another study found that the 2MWT was predictive of the Gait Deviation Index, a score derived from 3-dimensional gait analysis. 18 The MDC was reported for 5 instruments, 6 but the MCID was reported only for 1 instrument. 19 The Component TUG was the newest instrument and the only measure for which responsiveness was not available. 13 The summary of scores from reviewers' STROBE appraisals of included articles is provided in Table 4 . STROBE items 6b (matched studies) and 16c (risk statistics) were not relevant to any of the included studies, so these items were excluded from Table 4 . All 14 included studies reported sufficient information to satisfy most of the STROBE checklist items, with scores ranging from 17 to 25. Eight of the included studies had commonly used terms describing research design in the title or abstract (STROBE item 1a). Just 3 of the studies reported any efforts to address bias (STROBE item 9) or the determination of sample size (STROBE item 10). Seven studies addressed external validity of the findings (STROBE item 21). Other STROBE items with low scores across all studies tended to be due to research design rendering an item irrelevant for that study. A total STROBE score was not calculated for each article as this value does not correlate to a quality rating, and some articles would have lower total STROBE scores based on research design rather than true deficiencies in recommended reporting.
Discussion
The performance-based outcome measures identified in this review cover a spectrum of ambulatory ability in individuals with LLA. Clinicians need to consider the time, equipment, space, and patient skill requirements for completing these outcome measures.
A combination of outcome measures may often be indicated to fully capture patient performance -for example, a community-dwelling patient may benefit from assessments of not only ambulatory activity tolerance via the 2MWT or 6MWT, but also gait skills examined via the AMP. The 2MWT revealed some of the more interesting and unexpected results. The high concurrent validity of the 2MWT to the Step Activity Monitor peak index (0.78) demonstrates that the distance an individual with LLA walks in 2 minutes has a correlation to the average of the highest, but not necessarily continuous, 30 minutes of step activity in a day. 20 Another interesting result is the 2MWT's predictive validity of the Gait Deviation Index (0.64), an instrument which uses kinematic data from 3-dimensional gait analysis. Since the 2MWT has some ability to predict the Gait Deviation Index, it can be a practical alternative to quantify prosthetic gait deviation without further specialty training or equipment. 18 Finally, the 2MWT can strongly predict the 6MWT; this allows clinicians to save time by performing the shorter test. 11 Reviewers were only able to extract the MCID for the L Test. 19 While the MDC of performance-based measures is important for distinguishing true change from measurement error, the MCID is the more consequential measure of responsiveness to demonstrate to patients and payers that interventions have effected meaningful improvements in ambulation. Further research is warranted to determine the MCID of the other identified outcome measures to enhance rehabilitation clinicians' use of these instruments.
Study-level limitations identified by reviewers include the STROBE reporting deficiencies, the functional heterogeneity of research participants, and absence of evidence for MCID. To improve reporting, authors of observational studies should use the STROBE checklist. It is assumed that many of the sample sizes were determined by convenience, but this could not be determined for this review since an overwhelming majority of studies failed to include an explanation of the sample size used. Additionally, any efforts to address bias should be explicitly stated. For observational studies, this might involve randomizing test order, blinding clinicians to participants' previous performance if a follow-up protocol is used, or conducting testing at the same time of day. Finally, authors should more frequently address the external validity of findings to make implementing an instrument more straight-forward for clinicians.
Review-level limitations included the absence of a third reviewer to settle any disagreements on article inclusion and article appraisal. Additionally, the percentage of reviewer agreement on article appraisal was not determined before disagreements about checklist item satisfaction were resolved. Although it was a novel investigation into the reporting of observational studies on this topic, STROBE is not a tool for assessing the scientific rigor of methodology or significance of results. Additionally, reviewers only extracted data on reliability, validity, and responsiveness; instrument characteristics, such as floor and ceiling effects, are also important for clinicians to use outcome measures appropriately.
In conclusion, this review identified several valid and reliable performance-based clinical measures of ambulation for adult males and females with LLA who have and use prostheses. Some values of instrument responsiveness are available, but further research into MCID is warranted to inform evidence-based practice and demonstrate intervention effectiveness to patients and payers. For research purposes, future studies should address the identified trends in unmet reporting guidelines. For clinical application, clinicians need education not only on using but also selecting appropriate outcome measures for this population based on the psychometric properties of reliability, validity, and responsiveness.
